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Abstract 
Based on the research of current situation and the developing tendency of ecological risk and management, we extract 
the key pla nts which play an important role in ecosystem and is sensitive to the risk factor in the study area of 
Shengli oil field via the analysis about their response characteristics to oil pollutant. According to oil pollution 
characteristics and the process of ecological risk assessment receptor options –exposed effect – assessment, we make 
a comprehensive analysis about the advantages and disadvantages of current ecological risk assessment method in 
this paper. We use joint probability curve method to assess the ecological risk of PHAS in the Shengli oil field, so we 
can provide more reasonable and accurate basis for land oil management. 
 
Keywords: Type your keywords here, separated by semicolons ;  
Introduction  
As the second largest oil fields in China, Shengli oil field has a very complex ecological environment. 
Oil pollution has become a serious environmental problem. The oil pollutants PAHs (polycyclic aromatic 
hydrocarbons) with potential carcinogenic character is a kind of by-products [1] from organic divided and 
incompletely combustion, which has produced many adverse effects on the species and ecosystem. 
The present ecological risk assessment of physical methods mainly include value 
Method [2] and risk analysis method. We compare certain receptor concentration with the actual or 
estimated environment concentration, if its accumulation exceed the reference concentration, we think this 
area are with potential risk [3]. This method is simple and easy for carrying out, which can be used in 
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smaller project risk. Risk analysis method which can be used to get a comprehensive assessment[4,5,6], 
considering both pollution concentration and the biological tolerability. 
This paper regards Shengli oil field as an example, selects the most obvious pollution sources and 
receptors, combines GIS technologies with ecological risk assessment method, and uses probability 
density evaluation and joint probability curve method to assess the risk of ecological toxic pollutants. 
Assessment results can offer an important guiding significance for soil conservation and ecological 
environmental sustainable development in Shengli oil field. 
1. Methodology 
1.1 Data source 
In Zhuangxi and Hudong in Shengli oil Field, we select sample data around wells in three distribution 
directions, according to 5 m, 10 m, 20 m, 50 m, 100 m distance. Sampling depth is around 0-15 cm from 
soil surface. There is a 2m*1m quadrant in each sample point, and we make samples in three places. Then 
the three soil samples are mixed into 500ml soil samples and taken back to laboratory. There are a total of 
129 soil samples collected from six heavy oil wells (Fig. 1). 
 
Fig. 1 Spatial distribution of the oil fields and oil samples in Shengli oil field 
1.2 Data process and analysis 
Folling the related researches [7,8,9,10],we extract the oleaginousness of soil and analysis the 
components of 16 kinds of PAHS after the process and analysis for the sample data. The content of PAHS 
in these sample data has a big difference from the concentration (Table 1). 
Table 1 Measured of PAHS in Shengli oil based on the soil samples (mg/g) 
Name of pollutants Mean Min value Max value 
Naphthalene (Nap) 0.302 0.0178 1.331 
Acenaphthylene (ACPY) 0.094 0.023 0.034 
Acenaphthene (ACP) 0.061 0.012 0.078 
Fluorene (FLU)  0.035 0.002 0.063 
Phenanthrene (PHE) 0.178 0.035 0.463 
Anthracene (ANT) 0.106 0.011 0.401 
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Fluoranthene (FLUA) 0.011 0.005 0.034 
Pyrene (PYR) 0.016 0.004 0.047 
anthracene (BaA) 0.037 0.001 0.009 
Chrysene (CHR) 0.039 0.002 0.078 
fluoranthene(BaF) 0.073 0.003 0.011 
Benzo(k) (BkF) 0.092 0.008 0.121 
pyrene (BaP) 0.039 0.008 0.061 
anthracene (IND) 0.077 0.009 0.113 
Dibenzo(DBahA) 0.015 0.002 0.035 
perylene (BghiP) 0.037 0.0023 0.091 
 
1.3 Sources of pollution 
According to the result of the investigation, the lightweight oil components in polluted soils area is 
alkanes and aromatic hydrocarbon [11], and the current study on oil hydrocarbon plant toxicity study 
focuses on these aspects [12]. Related literatures show that Benzene and Naphthalene and Phenanthrene 
and so on all represent specific biological toxicity [2,13].The attenuation characteristics and transference 
of these pollutants are shown in Table 2 .We can see that Naphthalene and Phenanthrene in the natural 
environment show bigger attenuation. Given that various factors taken into account, we select 
Naphthalene and Phenanthrene as ecological exposure assessment indexes of pollutants. 
Table 2 Pollutants characteristics of the soil samples in Shengli oil field 
Pollutants Rate of nature (day-1) Half  life(day-1 Oil-water distribution coefficient
˄L/kg˅ 
Naphthalen  7*10-1 1 2000 
Phenanthrene 2.2*10-2 32 23000 
In the ecological risk assessment of ecological system, exposure analysis is the predominant part as for 
the immigration and change from pollutants in soil .We can get the environment concentration (PEC) by 
estimating the model .In this study, we use the actual measured pollutant concentration in Shengli oil field 
as PEC, and get the LC50 of Naphthalen and Phenanthrene from United States environmental protection 
bureau toxicity (www.epa.gov/ecotox) and from related published papers [14,15].The selected LC50 is 
ranging from 7to 9 days. In Table 3 the mean and standard deviation is used to build the corresponding 
parameter logarithmnormal probability density function. 
Table 3 Mean and standard deviation of the of Exposed density and acute toxicity in the oil samples 
Parameter Exposureconcentration LC50
(Nap) (PhE) ˄Nap˅ (PhE)
Mean(ug/g) 1.385 1.284972 1.487 1.7871
Standarddeviation 1.1626 0.753205 0.7718 1.299
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2 Result 
2.1 Purity of Naphthalene and Phenanthrene 
We use the oil wells as analytical samples, Because of the small data of the soil plant exposed density 
and LC50 data quantity, we here do not make the normal calibration, but make logarithm normal 
assumption directly. According to exposed density and toxicity of the logarithm of reference data of the 
mean and variance in Table 3, we build probability density function with two variables. 
Naphthalene:    f(cnap)=0.343e-1(lgcnap-1.358)(lgcnap-1.358)/2.71.        ˄1˅     
f(LCnap50)= 0.517e-1(lgLC50-1.487)(lgLC50-1.487)/1.914 .   ˄2˅  
Phenanthrene:  f(cphe)= 0.5297e-1(lgcphe-1.284)(lgcphe-1.284)/1.135.       ˄3˅ 
f(LCphe50)= 0.307e-1(lgLC50-1.471)(lgLC50-1.471)/3.3738 .    (4˅ 
where, cnap and cphe refer to the exposure concentration of Naphthalen and Phenanthren, LCnap50 
and LCphe50 are the half lethal concentration of the receptors to Naphthalen and Phenanthrene. 
2.2 Analysis of exposure risk 
When putting the probability density curve of LC50 and compound under the same coordinate system, 
we can get the result as shown in Fig.2 and Fig.3. We consider the area below the overlap curve in the 
border area as exposure risk under specific condition, so we can get the quantitative expression A1 about 
the exposure risk of Naphthalene, as shown in Fig. 2. Using the same method, we can get the risk 
Probability of Phenanthrene (Fig. 3). 
  
Fig.2 Probability density cure of Naphthalen                       Fig.3 Probability density cure of Phenanthrene 
The two equations of the result calculated by above method is shown as  
follow˖ 
Anap = 
³³³ 
  283.2385.3
)471.1(8393.0283.2
7324.0
)385.1(36992.0732.0
667.0
)471.1(8393.0 222 5170.03432.00.5170 xxx edxee    
ABap = 
³³³ 
  198.20671.3
)2849.1(8813.0198.2
0143.0
)7871.1(2963.00143.0
45.01
)28495.1(8813.0 222 5297.03071.0dx972.50 dxeee xxx  
Where,the Anap=0.431 and the ABap=0.259, which means that Naphthalene bears a higher ecological 
risk than Phenanthrene in the oil well of Shengli oil field. Using the same method, we can get the risk 
result of all samples, and we use ArcGis software to get all the result area, (Fig. 4 ).  
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(a)(b)
Fig.4 Patterns of the ecological risk of Naphthalen(a) and Phenanthrene(b)
2.3Probability of exposure concentration exceeding LC50 
In the first method, when the toxic parameter distribution center is below concentration distribution 
center, concentration distribution move to left, overlapping area will decrease in a reverse result, so we 
use an improved method -Joint Probability Curve to calculate risk. This method will consider the 
pollutants concentration and LC50 as two separate variable to get probability density function by double 
integral calculation, then we get the probability that the exposed density exceeded LC50 , the equation is 
as follows(for example with Naphthalene) :  
F= ³ ³max0 0 ]50)50()([
c c dcnapdlclcfcnpf                                ˄5˅ 
Using the data from the oil well, we get the ecological risk assessment model equation of Naphthalene 
and Phenanthrene: 
Fnap= ³ ³max)(0
)50(
0 ]50)50()([
napc lcc dcnapdlclcfcnpf                                         (6) 
FPhe= ³ ³max)(0
)50(
0 ]50)50()([
Bapc Lcc dcBapdLcLCfcNapf                              (7) 
In the Eq.6 and Eq.7, Fnap = 0.503, Fphe = 0.303, which means that Naphthalene has a higher 
ecological risk than Phenanthrene in oil wells of Shengli oil field. Using the same method, we can 
estimate the ecological risk for all the oil wells (Fig. 5) .  
        
(a)                                               (b) 
Fig.5 Patterns of ecological coefficients of Phenanthrene(a) and Naphthalene (b) 
2.4 Result Analysis 
       We use two methods above to assess the Naphthalene and Phenanthrene ecological risk effects on terr
estrial plant in oil field, and obtain the ecological risk of those two compounds in Shenglioil field. 
 Using two methods, we get the result that the range value of Naphthalene is around 0.149 to 0.510, and t
he range value of Phenanthrene rangs from 0.031 to 0.280.The risk Probability of Naphthalene is the high
est in the entire oilfield, and the Phenanthrene follows.   2) Because the center trend of normal distributio
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n functions structured by measured data is located at the right zone of LC50 distribution function, which l
eads to the superposition area of these two curves reduced and risk probability factor decreases, so the ris
k probability of Naphthalene we get from the fist method is lower than the second. While the center trend 
of probability distribution function of Phenanthrene is located at the left of LC50 distribution function. So
 these two methods get consistent results.   3) By making a comparison between Fig. 4 and Fig.5,we can s
ee that two compounds risk nearly the oil wells have the highest risk factor for receptors. This is because 
contaminants in soil contaminated sites is detained, accumulated, and finally enter into the surface water b
odies through the runoff, infiltration and enter into the atmosphere ,so the farther away from oil wells, the 
lower the toxicity of compounds. 
3 Conclusion 
In this paper, we choose pollution sources and receptors to the Shengli oil field characters to evaluate
 the ecological risk of two compounds with two methods, and get consistent results. In Shengli oil field, N
aphthalene has a bigger toxicity than Phenanthrene. 
Whether joint probability curve method or probability risk analysis, the result only  reflect the differences 
of different compounds has effect on plants in Shengli oil field , and this compare is undefined . Source of
 toxicity data is the primary determinant. Currently ecological toxicity reference index on soil is small, an
d more accurate terrestrial ecological detection needs the support of more exact land exposure and toxicit
y data. 
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